We present optical photometry and spectroscopy of the type IIP supernova SN 
have been further divided based on their light curve (Baron, Ciatti & Rosino 1979) as type II-L (linear) and type II-P (plateau). Supernovae type IIP (SNe IIP) are characterized by a plateau of nearly constant luminosity in their light curve, originating because of propagation of a cooling and recombination wave through the supernova envelope. Hamuy (2003) has shown that SNe IIP form a sequence from low-luminosity, low-velocity, nickel-poor events to bright, high velocity, nickel-rich objects. Further, there is an indication that more massive progenitors produce more energetic explosion and supernovae with greater energies produce more nickel. The direct identification of the progenitor of a few SNe IIP indicates these events arise from stars with masses in the range ∼ 8 − 15 M ⊙ (Smartt et al. 2004 , Van Dyk et al. 2003 , Li et al. 2006 . Sept. 27, 2004 in the nearby starburst galaxy NGC 6946, which has already produced seven supernovae during 1917 to 2003. Based on a high resolution spectrum that showed a relatively featureless spectrum with a very broad, low contrast Hα emission, Zwitter, Munari & Moretti (2004) classified the supernova as a type II event, which was later confirmed by a low resolution spectrum taken on 2004 Oct 01 by Filippenko et al. (2004) . The P-Cygni profile of Hα was greatly dominated by the emission component, while the other hydrogen Balmer lines had a more typical P-Cygni profile.
SN 2004et was discovered by Moretti on
The continuum was quite blue, although there was very low flux shortward of 4000Å. The supernova was detected in the radio frequencies at 22.460 GHz and 8. The data were bias subtracted, flat-field corrected and cosmic rays removed adopting the standard manner, using the various tasks available under the IRAF software. Data obtained on photometric nights were calibrated using standard fields (Landolt 1992 ) and a sequence of local standards in the supernova field (ref. Fig. 1 ) were used for photometric calibration of the supernova. Table 1 gives the U, B, V, R, I magnitudes of the secondary standards averaged over a few photometric nights.
Aperture photometry was performed on the local standards using an aperture of radius determined based on an aperture growth curve. The magnitudes of the supernova and also the local standards were estimated using the profile-fitting method, using a fitting radius corresponding to the full width at half maximum of the stellar profile. The difference between aperture and profile-fitting magnitudes was obtained using the standards and this correction was applied to the supernova magnitude. The supernova magnitudes were calibrated differentially with respect to the local standards listed in Table 1 , the final magnitude of the supernova was derived by taking an average of these estimates. The estimated supernova magnitudes and errors are listed in Table 2 . The errors in the magnitudes were estimated by combining the fit errors in quardature with those introduced by the transformation of instrumental magnitudes into the standard system.
Spectroscopy
The spectroscopic observations of SN 2004et started on 2004 Oct 16 and continued until 2005 Dec 30, corresponding to ∼ 25 days to ∼ 465 days after explosion. The journal of observation is given in Table 3 . All spectra were obtained in the wavelength range 3500-7000Å and 5200-9200Å at a spectral resolution of ∼ 7Å. A few spectra, in the wavelength range 4000-8500 A were also obtained with the 1m telescope at the Vainu Bappu Observatory, Kavalur, India, using the UAG spectrograph. All data were reduced using the standard routines within IRAF. The data were bias corrected, flat-fielded and the one dimensional spectra were extracted using the optimal extraction method. The wavelength calibration was done using FeAr and FeNe lamp spectra. The instrumental response curves were obtained using spectrophotometric standards observed on the same night and the supernova spectra were brought to a relative flux scale. On a few nights when the spectrophotometric standards were not observed, the response curves obtained on other nights were used for the flux calibration.
The flux calibrated spectra in the two different regions were combined to a weighted mean to give the final spectrum on a relative flux scale. The spectra were brought to an absolute flux scale using zero points obtained by comparing with the photometric magnitudes. The telluric lines are not removed from the spectra.
Light Curve
The light Photometric and spectroscopic evolution of the type IIP supernova SN 2004et 7 on JD 2453291.47±1.81 and m I (max)= 11.91±0.03 on JD 2453294.57±1.37. The B maximum occurred ∼10 days after the explosion.
The light curves in the UBV RI bands show an initial rise, followed by a plateau in the V RI bands, which extends upto ∼ 110 days from the date of explosion. The plateau in the V RI light curves and a decline rate of β B 100 = 2.2 mag in the B light curve over the first 100 days since maximum light establishes that SN 2004et is a type IIP event, since the decline rate for SNe IIP is β B 100 < 3.5 (Patat et al. 1994) . After the initial rise to maximum, the U band light curve declines rapidly till ∼ 100 days, while the decline in the B band is less steep compared to that of the U band. The V band light curve shows a slowly declining trend in the plateau phase while the light curve in the R and I bands show a nearly constant brightness during the plateau phase.
Following the plateau phase, the V light curve displays a steep decline of ∼ 2 mag in ∼ 40 days (day ∼ 110 to ∼ 150; JD2453380 to JD2453420). Subsequently, the decline is linear in all the bands, with decline rates of γ B ∼ 0.64, γ V ∼ 1.04, γ R ∼ 1.01 and γ I ∼ 1.07, from ∼ 180 days to ∼ 310 days after explosion. The decline rate steepens beyond 310 days to γ B ∼ 0.84, γ V ∼ 1.21, γ R ∼ 1.31 and γ I ∼ 1.39. The photometric evolution of SNe IIP at late phases is powered by radioactive decay of 56 Co into 56 Fe, and the expected decay rate is γ = 0.98 mag (100 d) −1 , especially in the V band (Patat et al. 1994) . Except for the B band, the decay rates obtained during the early nebular phase (180-310 days) are close to that of 56 Co decay, suggesting that during this phase γ-ray trapping was efficient. However, the steeper decay rate beyond day 310 indicates that either the supernova had become more
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A 
SPECTROSCOPY

Spectroscopic evolution
The spectroscopic evolution of SN 2004et in the rest frame of the SN is displayed in Fig. 5 and Hβ and Na I lines also. These high velocity components could be arising due to interaction of the supernova ejecta with the pre-supernova circumstellar material. Baron et al. (2000) interpret the double component P-Cygni profiles as being produced by a combination of the usual wide P-Cygni profile and a second P-Cygni profile with a highly blueshifted absorption, corresponding to two line forming regions in the expanding atmosphere of the supernova.
As the supernova ages, the absorption components of Hα, Hβ and the CaII IR triplet become narrower and deeper. In the blue region of the spectrum numerous metal lines due to 
Expansion velocity of SN 2004et
The photospheric velocity of the ejecta can be estimated from the minimum of the absorption feature of weak, unblended lines. Hamuy et al. (2001) have shown that the use of Fe II (multiplet 42) at 4924, 5018, 5169Å provides a good estimate of the photospheric velocity during the plateau phase. As the supernova ages, it becomes difficult to define the minimum of Fe II 5169Å line and hence the velocity measurement using this line is not a good estimate at these phases. The photospheric velocity estimated using these lines is plotted in Fig. 9 .
The velocity estimated using the Fe II 4924Å line (ref. Fig. 9 ) is lower due to the blending of this line with Ba II 4934Å (Hendry et al. 2005) .
Also plotted in the Fig. 9 are the velocities determined using the absorption minima of velocity at simliar epochs. For further analyses, we use the average photospheric velocity estimated using the weak iron lines.
REDDENING AND DISTANCE ESTIMATES
The interstellar Na lines are clearly seen in the spectra presented here. The equivalent width of the Na I D lines measured from the spectra presented here is 1.70Å, which corresponds to a total reddening of E(B − V ) = 0.43 mag, following the empirical relation by Barbon et al. Mpc. The "expanding photosphere method" for the IIP supernova SN 1980K that occurred in NGC 6946 (Schmidt et al. 1994 ) yields a distance of 5.7 Mpc. Hamuy & Pinto (2002) have shown that the expansion velocities of the ejecta of SNe IIP are correlated with their bolometric luminosities during the plateau phase. Based on this correlation they establish a "standard candle method (SCM)" to estimate the distance to the supernovae. Nugent et al. mentioned in Section 2.3 using Cardelli, Clayton & Mathis (1989) extinction law, the corrected magnitudes are then converted to fluxes according to Bessell, Castelli & Plez (1998) .
The UBV RI bolometric fluxes were derived by fitting a spline curve to the U, B, V, R and I fluxes and integrating it over the wavelength range 3200Å to 10600Å, determined by the response of the filters used. There are some gaps in the U band light curve specially after the plateau; the missing magnitudes were obtained by interpolation. In the later stage, however, the light curve is linearly extrapolated to get the missing magnitudes in the U band. No corrections have been applied for the missing fluxes in the ultra-voilet and the near infra-red region. Fig. 10 shows the UBV RI bolometric light curve of SN 2004et. Also plotted in the same figure are the UBV RI bolometric light curves of SN 1999em, SN 1999gi, SN 1997D and SN 1990E. The UBV RI bolometric light curve for SN 1990E is taken from the literature (Schmidt et al. 1993) , while for other supernovae the UBV RI bolometric luminosities are derived from the photometry reported in the references cited in Section 2.3. Since no U band magnitudes were available for SN 1999gi and SN1997D the contribution of the U flux to the total UBV RI flux was assumed to be similar to SN 1999em 
56 Ni mass
For most SNe IIP, the early (150-300d) bolometric luminosity on the radioactive tail is equal to the luminosity of the radiaoctive decay of 56 Co. The mass of 56 Ni synthesized during the supernova explosion can thus be estimated from the late time bolometric light curve. In absence of infra-red photometry for SN 2004et, we followed Hamuy (2003) , to estimate the tail bolometric luminosity L t , using the V magnitudes during the nebular phase and a bolometric correction of 0.26 mag. The tail luminosity is then used to estimate the nickel mass using equation 2 in Hamuy (2003) . Based on the luminosity of SN 2004et during 250 to 315 days, estimated using the V magnitudes, we estimate the 56 Ni mass to be 0.060 ± 0.02 M ⊙ .
Elmhamdi, find a correlation with the 56 Ni mass and the rate of decline in the V band light curve from the plateau to the tail. The maximum gradient during the transition from plateau to nebular phase, defined by a steepness parameter S = dM V /dt, is found to anticorrelate with 56 Ni mass, in the sense that the steeper the decline at the inflection, the lower is the 56 Ni mass. Using a sample of 10 SNe IIP, derive the following relation
An accurate determination of the steepness parameter S requires a well sampled V band light curve during the end of plateau to the beginning of the radioactive tail. Unfortunately, we do not have a very well sampled light curve during this phase. However, with the available points, we estimate the steepness parameter S as 0.062 ± 0.02. Using this, the mass of The mean nickel mass derived using the V band magnitudes in the nebular phase and steepness parameter S is 0.06 ± 0.02 M ⊙ . Chugai (1990) and 
DUST FORMATION IN THE EJECTA
The formation of dust in the supernova ejecta increases the rate of decline of the optical, especially the V band, light curve, as the optical light is reprocessed by the dust and an excess emission in IR is observed. Further, dust formation in the inner envelope of the supernova ejecta shifts the peak of the optical and infrared emission lines towards blue, due to a preferential extinction of the redshifted edge of the emission lines by the dust . The signature of dust formation was seen in SN 1987A ) and SN 1999em band starts steepening ∼ 320 days after the explosion. A similar effect was seen in both SN 1987A and SN 1999em during dust formation. It should, however, be noted here that dust formation occurred at much later phases, beyond day 400 in both these SNe.
The evolution of the emission line profiles together with the steeping of the light curve beyond day ∼ 320 suggest an early dust formation in the case of SN 2004et.
The supernova outburst properties depend on three basic parameters: the mass M of the envelope that is ejected, the radius R of the star prior to the outburst and the energy E of explosion. An analysis of supernova light curve combined with the spectroscopic evolution allows the derivation of these important parameters. With the help of hydrodynamic models of SNe IIP, Litvinova & Nadyozhin (1985) derived expressions for these parameters in terms of the observable parameters, namely, the length of the plateau ∆t, the absolute magnitude M V at the midpoint of the plateau and the velocity of photosphere U ph at mid plateau.
The light curve of SN 2004et indicates the length of the plateau to be ∆t = 120±10 days.
The absolute magnitude at mid plateau is M V = −17.14 mag. The weak iron lines indicate a mid plateau velocity U ph = 3560 ± 100 km sec −1 . Using these values and the relations given by Litvinova & Nadyozhin (1985) we estimate the explosion energy E exp = 1.20 
